Nowadays, biomedicine development is caused by the necessity of fast premalignant and malignant diagnosis. In the case of cancer, it is important to identify degree of tumor's malice. We investigated the differences of Fourier Transform Infrared-Attenuated Total Reflection (FTIR-ATR) and FT-Raman spectroscopy between leukoplakia, oral cancer and normal tissues. Human tissue contains many compounds with known absorption spectra in the range of Near Infrared (NIR) spectroscopy. These compounds have a fingerprint region, which permits their characterization.
Abstract
Nowadays, biomedicine development is caused by the necessity of fast premalignant and malignant diagnosis. In the case of cancer, it is important to identify degree of tumor's malice. We investigated the differences of Fourier Transform Infrared-Attenuated Total Reflection (FTIR-ATR) and FT-Raman spectroscopy between leukoplakia, oral cancer and normal tissues. Human tissue contains many compounds with known absorption spectra in the range of Near Infrared (NIR) spectroscopy. These compounds have a fingerprint region, which permits their characterization. FTIR spectroscopy is a promising diagnostic tool. There is ability to detect skin, cervix, prostate, breast, esophagus, stomach, bladder and oral cancers [1] . Imaging using FTIR microscope allows analysis of biochemical compounds in microregions of biological materials. FTIR microspectroscopy is the perfect technique for tissues and individual cells analysis [1] . It delivers information about biochemistry of cell or tissue samples and has been applied in many areas of medical research [2] . IR absorption spectra of abnormal tissues and normal tissues are compared by lipid (2800 -3000 cm −1 ), protein (1500 -1700 cm −1 ), and nucleic acids (1000 -1250 cm −1 ) regions [2] . One of the mucous membrane lesions of the mouth is leukoplakia. This change has a "fingerprint region" in the range of 900 -1800 cm −1 [3] . Raman spectroscopy has high potential of medical diagnosis. This method is a molecular specific technique that can be used to develop a fundamental biochemical understanding of tissue physiology and pathology. Both methods are dedicated to screening of preneoplastic and neoplastic tissues and have a potential to reduce morbidity of leucoplakia and oral cancers. Obtained data suggested that these infrared techniques are applicable to biomedical and clinical diagnostics.
Introduction
Fourier transform infrared spectroscopy is a vibrational spectroscopy, which based on the absorbance, transmittance or reflection of infrared light. The light is absorbed by sample in different amounts and frequencies, what correspond to the oscillation frequency of the bonds in the tested sample.
Raman spectroscopy is a scattering technique. It is based on Raman Effect-it means that there is difference between frequency of a small fraction of scattered radiation and frequency of monochromatic incident radiation. It is based on the inelastic scattering of incident radiation through its interaction with vibrating molecules [4] . A Raman spectrum contains characteristic peaks that are assigned to a corresponding molecular structure within the illuminated tissue [5] .
There are differences between both techniques. Raman is more sensitive to homo-nuclear molecular bonds, while FTIR spectroscopy is more sensitive to hetero-nuclear functional group vibrations and polar bonds. Currently these methods are mainly used in forensic analysis of human fingermarks [6] , blood traces [7] , and textile dyes [8] . In this case leukoplakia characterized by a hyperkeratotic thickening of the prickle cell layer of the epithelium, acanthosis, corium infiltration by the plasma cells and cellular atypia [16] . Effective diagnostic methods are very important for early detection and treatment of oral mucosal diseases, especially precancerous and cancerous states. The aim of the study is to show the clinical images in white and blue light a pre-malignant and malignant lesion of the oral mucosa. Next comparison with a healthy oral mucosa presents them in spectroscopy analysis.
Materials and Methods
In this study clinical states of oral mucosa were evaluated with sight in white light and blue (400 -460 nm) light of VELscope® VX or MucoScope® device.
Study group consisted of 8 patients (3 males and 5 females) suffering from leukoplakia and 3 patients (females) suffering from carcinoma cavum oris. Next the clinically pictures were taken. We took photos in white light with Canon apparatus and through the autofluorescence devices. Chemiluminescence was used as an adjunctive utility to diagnose leukoplakia without replacing biopsy.
The clinical tests were completed with microbiological, histopathological, ra- 
Tissue Preparation
Tissue imaging is needed to illustrate physiological and pathological changes which occur in human tissues. They were fixed in 4% formaldehyde after cut from mouth. Ten-µm-thick tissue sections were floated onto reflective slides for FTIR-ATR and FT-Raman spectroscopy. These were de-waxed. 
FT-Raman Spectroscopy

FTIR-ATR Spectroscopy
FTIR-ATR is a method which gives the opportunity to observe absorption of electromagnetic radiation as a result of interaction with the tissue. The measuring range is 400 -4000 cm . The 3D maps are averaging from 81 spectra.
Results and Discussion
Patients and Diagnosis
Patients with oral cancer (Figure 1 ), leukoplakia ( Figure 2 ) and normal tissue (Figure 3 ) presented below.
FTIR-ATR Spectroscopy
FTIR-ATR spectroscopy was used to compare leukoplakia and oral cancer with . The fingerprint region shows the spectra from 900 -1800 cm −1 , which is a source of information about specific vibrational modes associated with changes in tissue.
Absorption peak at 1238 cm −1 relates to bands from nucleic acids and is related to symmetrical stretching. Besides the intensities of the phosphate bands, several other differences between normal and cancer tissues are observed in FTIR spectra. These wave numbers are significantly lower than that of normal tissue [17] . The difference in normal, leucoplakia and cancer tissue of band at 1030 cm −1 , frequently founds in the glycogen-rich tissue, can be assigned as -CH 2 OH vibrations [18] .
Raman Spectroscopy
In Raman spectra there are extra absorption peaks at 1248 cm −1 which relates to PO 2− asymmetric bands [17] and 1320 cm −1 which relates to amide III band components of protein [19] [20] or collagen [21] (Figure 6, Figure 7 ).
Autofluorescence allows to specifyoral mucosal changes (Figures 1-3 ) with the naked eye and spectroscopic techniques can identify the degree of these changes (Figures 4-7) . At present, clinical diagnostic methods have limitations with in vivo tissue and its biochemical composition. Studies about human tissues use optical techniques such as optical computed tomography, near-UV excitation autofluorescence, FTIR [22] and Raman spectroscopy which are still progressing. Noninvasive FTIR and FT-Raman spectroscopy is the way of the future to study leukoplakia and oral cancer tissue. These optical techniques do not need pre-treatment or labelling to characterize tissue in real-time [23] . Infrared and
Raman spectroscopy is applied to the analysis of human tissues, the spectra of complex composition such as lipids, protein, nucleic acid [17] .
Many researchers report that sugar chains have association with malignant transformation. Some kinds of sugar chains play an important role in uncontrolled cell growth tumors, tumor invasion and metastasis [17] [24] . Glycogen is the storage form of glucose in cell and is essential for energy supply and glucose homeostasis [25] . Strong peak at C-O stretching and C-O banding from glycogen 
Conclusion
In conclusion, our data suggested that FTIR and FT-Raman techniques are potentially applicable to clinical diagnostics change in oral as well as basic analyses at the molecular level. Leukoplakia is an ordinary premalignant condition. It is known that quick detection and screening for oral neoplasia are the best way to reduce mortality of disease. However, method of screening has not been defined successfully. Accurate visualization of VELscope® VX and similar type devices is limited. FTIR and FT-Raman spectroscopy could give the easiest, fastest and most accurate diagnosis. These complementary techniques can be used in biomedicine to assess the effectiveness of photodynamic therapy. 5-aminolevulinic acid (ALA) is one of the photosensitizers used in the treatment of lesions of the oral greasy. Further studies with FTIR and Raman techniques must be taken to ensure their efficiency and repeatability.
